Embryo recovery and subsequent embryonic development from guinea pigs treated with or without Inhibin vaccines were compared to determine the effect of active immunization against the inhibin a-subunit. Twenty female guinea pigs of the Hartley strain were injected 3 times either with 1 ml inhibin vaccine (recombinant ovine inhibin a-subunit in oil emulsion: 50 ,ig/ml, inhibin-immunized group), or 1 ml placebo (saline in oil emulsion; control group) at 4 week intervals. After one estrous cycle following the last injection, females were naturally mated and embryos were collected at 11:00 hr of day 6 of pregnancy (Day 1: sperm in the vaginal smear) for culture in vitro. Active immunization increased the number of corpora lutea (12.6±3.0 vs. 4.6±0.2, P<0.05), recovered embryos (9.8 ± 1.9 vs. 3.6±0.4, P < 0.01) and normal embryos (7.8 ± 1.4 vs. 3.6± 0.4, P < 0.05), although estrous cycle length was not affected (P > 0.05). During subsequent 8 day culture in vitro, most of the recovered embryos formed trophoblast outgrowth; 100% (14/14) and 88.2% (15/17) in control and immunized groups, respectively. High levels of inhibin antibody titers were sustained in the Inhibin-immunized guinea pigs at least for 5 months after the last injection while no antibody titer was detected in the control animals. These results indicate that active immunization against the inhibin a-subunit is a long-acting and efficient method to induce superovulation with normal embryonic development in the guinea pig.
, Japan implantation and syncytiotrophoblast formation have been observed in both guinea pigs and human [1] [2] [3] [4] [5] . Further, Jacquet et al. [6] have confirmed the high radioresistance of the guinea pig oocyte and the consequent suitability of this species for further detailed studies in relation to genetic hazards in man. However, the guinea pig releases only 2 to 4 ova in each ovarian cycle of 16-19 days [7] and shows very little ovarian response to exogenous FSH or equine chorionic gonadotrophin (eCG) [8] [9] [10] .
Although immunoneutralization of endogenous inhibins increases the ovulation rate in many mammals [11] [12] [13] , reports on the effects of immunization against inhibin on oocyte and embryo quality are lacking in the literature.
It has been reported that active immunization against inhibin can yield multiple embryos for transfer in goats and ewes [14] [15] [16] .
Our previous studies showed that active immunization against inhibin increased the number of corpora lutea, leading us to expect increased number of ovulated oocytes in guinea pigs [17, 18] . However, some studies have suggested that the increase of corpora lutea could be due to anovulatory luteinization in guinea pigs [19, 20] . Therefore, it needs to be further elucidated whether the increased number of corpora lutea seen with active immunization against inhibin are indeed from ovulation.
Furthermore, the quality of embryos in inhibin-immunized guinea pigs has not been documented.
In the present study, we examined the number and pen-implantation development of embryos in guinea pigs following active immunization against the inhibin a-subunit.
Materials
and Methods
Animals and treatments
Twenty female guinea pigs of the Hartley strain were used at 3 months of age. They were housed in metal cages with 5 animals per cage in a room with controlled temperature (23 ± 1 °C) and lighting (lights on 7:00-21:00 h), and given commercial pelleted feed and tap water ad libitum. The guinea pigs were divided into 2 groups: 12 for inhibin-immunized and 8 for the control group. Estrous cycles in experimental animals were synchronized using progesterone implants as described in our previous studies [17, 18] . One week after the removal of progesterone implants under ether anesthesia, guinea pigs were given primary immunization with 1 ml inhibin vaccine containing 50 ig recombinant ovine inhibin a-subunit in oil emulsion (n= 12; immunized group), or 1 ml placebo (saline in oil emulsion, n = 8; control group). Two booster immunizations (same doses as the primary injection) were given 4 and 8 weeks later. All injections were given subcutaneously at two sites behind the shoulder. Estrous cycles were recorded by daily examination of the vagina and smears were taken whenever the vagina was open throughout the experiment. The day of ovulation was estimated as the day when maximal cornification was seen in the smear before the ovulatory influx of leukocytes. Blood samples in 10 guinea pigs (5 per inhibin-immunized and control group) were taken 10 days after each estimated ovulation of 5 continuous estrous cycles in order to determine plasma inhibin antibody titers throughout the experiment. After the last injection, females with vaginal opening were mated with male guinea pigs for a few days. During mating days, smears were checked in the morning and afternoon. Successful mating was determined by checking for the presence of spermatozoa in smears. This day was designated day 1 of pregnancy. At 11:00 hr on day 6, blood samples were collected into heparinized centrifuge tubes by the intracardiac method under ether anesthesia. These samples were assayed for the plasma inhibin antibody titer, FSH, estradiol-17j3 and progesterone concentrations. Ovaries were taken for counting the number of corpora lutea. Uteri were taken for collecting embryos. After 10 successfully mated guinea pigs (5 per inhibin-immunized and control group) were obtained, the remaining experimental animals were used to collect blood samples 5 months after the last injection for measuring plasma inhibin antibody titers.
Inhibin vaccine
The vaccine was prepared as described previously [21] . Briefly, the inhibin vaccine was made as a water-in-oil emulsion (45:55, v/v). The vaccine emulsion was made up of Marcol 52 (Esso, Sydney, Australia) and Montanide 888 (SEPPIC, Paris, France) with water for injection. The final concentration of recombinant ovine inhibin a-subunit was 50 ag/ml (Biotech Australia, Pty Ltd., Sydney, Australia). A saline in oil emulsion (45 : 55, v/v) was used as placebo for injections in the control group.
Assessment of inhibin antibody titer
Plasma samples from guinea pigs were tested for binding of inhibin antibodies to 125I-labeled 32 kDa bovine inhibin [17, 18] . In brief, diluted (1:1000) plasma samples were incubated for 24 h at 32°C with 125I-labeled antigen (approximately 3000 c .p.m./ tube) in a final volume of 200 , €l. Antibody-bound tracer was subsequently separated from free tracer by precipitation with 100 il of 1 % bovine r-globulin and 500 , tl of 25% polyethylene glycol 6000 (Wako Pure Chemical Industries Ltd. Tokyo, Japan). After centrifugation, the supernatant was decanted and radioactivity of precipitates was counted. The nonspecific binding rate was 13.9%. Results are expressed as percent bound relative to total counts after correcting for non-specific binding that was recorded in the absence of guinea pig serum.
Embryo collection and culture in vitro At 11;00 hr of day 6 of pregnancy, embryos were collected from the uteri by flushing with 1;1 (v/v) mixture of RPMI 1640 and Dulbecco's Modified Eagle's Medium (DMEM, high glucose modification) containing 0.3% bovine serum albumin (BSA) (Medium RD). This medium was used for both flushing and culture [22, 23] . The embryos were incubated at 37°C in an environment with 5% C02 in air for 8 days. The developmental stage of each embryo was recorded daily. The expected number of oocytes that were to be recovered was calculated by post-mortem examination of ovaries for numbers of corpora lutea.
Criteria for the developmental quality of recovered embryos Three criteria were used to evaluate the quality of recovered embryos in the present study. Firstly, the morula or blastocyst was considered as a normal embryo at the time of collection based on the developmental stage [2] . Secondly, a degenerated or unequally fragmented embryo was classified as abnormal based on morphology under the dissection microscope.
Thirdly, vigorous trophoblast outgrowth after hatching of the blastocyst during 8-day culture in vitro was considered an indication of a normal developmental capacity based on the viability of the embryo.
Ovarian histology
Ovaries were fixed in 4.0% paraformaldehyde, embedded in paraffin, serially sectioned at 10 tcm and stained with hematoxylin and eosin (HE). sections were analyzed for the number of lutea as in the previous reports [17] . These corpora Radioimmunoassays (RIA) for FSH, estradiol-17/3 and progesterone Plasma FSH was measured by heterologous double-antibody RIA using the NIDDK RIA kit for rat FSH as described previously (17). The intraand inter-assay coefficients of variation were 4.3% and 6.9%, respectively. Plasma concentrations of estradiol-17j3 and progesterone were determined by double antibody RIA using 125I-labeled radioligands as described previously (24). Antibodies against estradiol-17j3 (GDN 244) and progesterone (GDN 377) were kindly provided by Dr. G.D. Niswender (Animal Reproduction and Biotechnology, Colorado State University, Fort Collins, CO, U.S.A.). The intra-and inter-assay coefficients of variation were 5.8% and 11.4°/ for estradiol-17j3 and 3.5% and 13.4% for progesterone, respectively.
Statistics
Data were expressed as mean ± SEM. Inhibin antibody titers in plasma during the active immunization against inhibin were analyzed using two-way ANOVA with treatment and sampling time as two factors. This was followed by Duncan's multiple range test. Differences between groups in the number of corpora lutea and embryo, plasma concentrations of FSH, estradiol-17/3 and progesterone were analyzed using one-way ANOVA followed by Duncan's multiple range test [25] . P < 0.05 was considered significant.
Results

Immune response
All guinea pigs immunized with the Inhibin vaccine produced antibodies with affinity to bind to 1251-labeled bovine inhibin.
The antibody titers increased significantly (P < 0.05) after the first booster, reached high levels following the second booster and maintained the high levels for 5 months after the second booster (Fig. la) .
In non-immunized guinea pigs (controls), there was no detectable binding of 125I-labeled bovine inhibin.
Estrous cycles and mating behavior
The majority of guinea pigs showed regular estrous cycles and the vagina was usually open in 3 to 5 days during the experimental period.
Estrous cycle lengths in the experimental guinea pigs showed no significant changes throughout the experimental period (P > 0.05) ( Active immunization against the inhibin a-subunit significantly increased the number of corpora lutea (P < 0.05) and the number of embryos recovered on day 6 of pregnancy (P <0.01) ( Table 1 ; Fig. lb, 2 ). There were no significant differences found in the rates of embryo recovery and the number of normal embryos between the two groups. Further, embryos collected from the two groups showed a similar developmental ability as evidenced by similar developmental rates in vitro cultured for 8 days. These values were 100% (14/14) and 88.2% (15/17) in control and immunized groups, respectively. Figure  3 shows a typical pattern of guinea pig smears after mating (Fig. 3a) and blastocysts collected on the day 6 of pregnancy ( Fig. 3b) . Furthermore, an extensive Note: scales for number of corpora lutea and recovered embryos were different for better illustration.
proliferation of extruded trophoblastic cells forming vesicular structures was seen during subsequent incubation of blastocysts in Medium RD for 8 days (Fig. 3c) .
Plasma concentrations of FSH, estradiol-17j3 and progesterone
There were no significant differences in the plasma concentrations of FSH, estradiol-1719 and progesterone between immunized and control groups (Fig. 4a,   b ). However, plasma concentrations of progesterone tended to be higher in the immunized group than those in control group (P < 0.07) (Fig. 4c) .
Discussion
This is the first report to show that active immunization against the inhibin a-subunit increased the number of embryos in the guinea pig. This increase had been already suggested by our observation 2 . Representative photomicrographs of ovarian sections from guinea pigs treated with 1 ml placebo (control, a) and inhibin vaccine (50 ug/ml ovine inhibin a-subunit, inhibin-immunized, b). Sections were stained with haematoxylin and eosin. Bar=500um. Note: *indicates corpora lutea. (c) The trophoblast with a large vesicular structure after 8 days of culture (arrow). Bar=50pm. Each value represents the mean ±SEM of 5 animals. There were no significant differences in three hormones between immunized and control groups analyzed by ANOVA. of increased formation of corpora lutea in immunized guinea pig females [17] . Following immunization, we obtained about three times as many embryos from immunized females as from the control group (9.8 vs. 3.6 ; Table 1 ) in addition to the larger number of corpora lutea (12.6 vs. 4.6). The effectiveness of inhibin immunization to increase collectable oocytes/embryos was comparable to the results obtained with other species: two-to three-fold increase in ewes [16, 26, 27] , three-fold increase in hamster [28] , two folds increase in cows [29] . Therefore, inhibin immunization should be applicable to a wide range of animal species for elevating their ovulation rates. Inhibin vaccines induced no harmful effect on the embryo quality as assessed by morphology in the guinea pig. Most of the recovered embryos on day 6 of pregnancy reached the blastocyst stage with little degeneration or fragmentation in either immunized or control group (Table 1, Fig. 3 ), indicating the same chronological progression of preimplantation development in the immunized females as in the control group. This is in agreement with our previous study [2] . The recovered blastocysts expanded, hatched and actively formed the extrusion of trophoblasts during the subsequent in vitro culture (Table 1, Fig. 3 ), confirming their viability in the pen-implantation period. In ewes, inhibin immunization improves the quality of embryos in the breeding season, but there is no effect on embryo quality in non-breeding season [16] . Taken together, our data support the notion that inhibin immunization could be used as a safe method for inducing superovulation in mammals.
The inhibin vaccine has an advantage for collection of large amount of normal embryos because the normal embryonic development was secured by only a slight perturbation of hormonal status in immunized guinea pigs. The inhibin vaccine does not induce significant increase in plasma concentrations of FSH, estradiol-17p and progesterone (Fig. 4, a, b,  c) , although it induces prolonged high levels of plasma inhibin antibody titers [17, 18] and superovulation in the guinea pig. On the other hand, passive immunization against the inhibin a-subunit clearly increased the plasma concentrations of FSH in guinea pigs [30] . This dilemma may reflect alterations in the hypothalamus-pituitary-gonadal axis due to long exposure to inhibin neutralization and suggests that inhibin antibodies may exert direct stimulatory effects on follicular developments that are independent of changes in FSH secretion with active immunization against the inhibin a-subunit [18, 31] .
The long gestation period and small litter size of the guinea pig are serious disadvantages in comparison with other laboratory rodents.
Inhibin immunization is expected to improve their reproductive performance by increasing the ovulation rate. However, there are many other obstacles to be considered for efficient production of guinea pigs. The guinea pig has a small uterine capacity and often exhibits gestational toxicosis when carrying many fetuses.
Large litters are accompanied with a considerable decrease in the body weight of pups and thus increases pup mortality.
Therefore inhibin immunization should be used for the increase of the number of embryos and then the embryo transfer should be applied as a practical approach to raise the reproductive performance as well as to realize the planned production in the guinea pig. For this strategy, good culture media are necessary for collection and transfer of embryos.
The medium RD might be a good candidate for this purpose because it was proven to be an effective culture medium for maintaining sequential events of recovered blastocysts, such as full expansion, hatching, and trophoblast outgrowth in vitro. The search for a suitable culture medium for guinea pig embryos has been a difficult task because of the low availability of the embryos.
The superovulation method described here might enable us to perform efficient comparison of many kinds of media for culturing guinea pig embryos.
Studies using the medium RD for guinea pig embryos at earlier stages before day 3 of pregnancy should be interesting because most of the embryos at these stages arrested their development at the 4-cell stage when they were cultured in Kane's medium or whitten's medium [2] . Successful embryo transfer in the guinea pig has been reported in our previous study [32] . These technique could provide efficient production of the guinea pig in the near future.
In conclusion, the present study shows that active immunization against the inhibin a-subunit increases the number of embryos while exerting no detrimental effect on the estrous cycle, mating rate, fertilization and preimplantation development of embryos in guinea pigs. Furthermore, based on these findings, 
